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ODVHULQGXFHG WUHQFKHV )RU H[DPSOH WKH VWUHVVDVVLVWHG DEODWLRQ SURFHVV H[KLELWV D SRWHQWLDO WR UHGXFH WKH ODVHU
LQGXFHGHGJHHIIHFWV>@(VSHFLDOO\PHWKRGVZKLFKVSDWLDOO\VHSDUDWHWKHODVHUDEVRUSWLRQSURFHVVIURPWKHVHOHFWLYH
UHPRYDO SURFHVV RI D IXQFWLRQDO OD\HU ZRXOG DOORZ D VWUXFWXULQJ RI WKH IXQFWLRQDO OD\HU ZLWKRXW D WKHUPDO
PRGLILFDWLRQRI WKH HGJHV7KHUHE\ WKH6:,)'6KRFNZDYHLQGXFHG WKLQILOPGHODPLQDWLRQSURFHVV DOORZV WKH
VHOHFWLYHUHPRYDORIWKHIXQFWLRQDOOD\HUGXHWRDVKRFNZDYHGHODPLQDWLRQSURFHVV>@7KH6:,)'SURFHVVH[KLELWV




LQGLXPJDOOLXP VHOHQLGH VRODU FHOO &,*6 LQGLXP WLQ R[LGH ,72 DQG HSR[\EDVHGQHJDWLYH SKRWRUHVLVW 68
>±@ )XUWKHUPRUH WKH GHODPLQDWLRQ SURFHVV ZDV VWXGLHG E\ VKDGRZJUDSK\ PHDVXUHPHQWV >±@ 7KH
GHODPLQDWLRQSURFHVVHVRIWKLQILOPVFDQEHGLVFXVVHGLQUHODWLRQWRWKHUPDOO\LQGXFHGVWUHVVHIIHFWV>@)XUWKHUWKH
6:,)'LQGXFHG GHODPLQDWLRQ SURFHVV LV PRVW OLNHO\ GRPLQDWHG E\ WKH LQWHUDFWLRQ RI WKH VKRFN ZDYH ZLWK WKH
LQWHUIDFH>@7KHXVDJHRIODVHULQGXFHGVKRFNZDYHVDOORZVWKHQRQWKHUPDOVWUXFWXULQJRIIXQFWLRQDOOD\HUVGXH
WR WKH VSDWLDO VHSDUDWLRQ RI WKH ODVHU DEVRUSWLRQ DQG ODVHU DEODWLRQ SURFHVV IURP WKH GHODPLQDWLRQ SURFHVV
UHVSHFWLYHO\ )RU H[DPSOH WKH ODVHULQGXFHG VKRFNZDYHJHQHUDWLRQ WHFKQLTXH XVHV WKH VKRFN ZDYHLQWHUIDFH
LQWHUDFWLRQDQGFDQEHDSSOLHGIRUPHDVXULQJWKHDGKHVLRQRI WKLQILOPV>@7KHSUHYLRXVVWXGLHVDQDO\VHGHLWKHU
PXOWLOD\HU LQGXVWULDO VDPSOHV OLNH&,*6VRODU FHOOVRU VLPSOHVLQJOHOD\HU VDPSOHV OLNH68RQ3, >±@7KH
6:,)'SURFHVVH[KLELWVDQLQGXVWULDOLQWHUHVWZKHUHIRUDVXFFHVVIXORSWLPL]DWLRQRIWKHSURFHVVDEDVLFUHVHDUFKRI
WKH LQWHUDFWLRQV LVQHFHVVDU\ WR LPSURYH WKHSK\VLFDOXQGHUVWDQGLQJ ,Q WKLV VWXG\ZHDQDO\VHG WKH IRU ILUVW WLPHD
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7KH GHODPLQDWLRQ SURFHVV LV VFKHPDWLFDOO\ LOOXVWUDWHG LQ )LJ $V VDPSOH D P WKLFN SRO\LPLGH VXEVWUDWH
FRYHUHGE\PDJQHWURQVSXWWHUHGFKURPLXPZLWKWKLFNQHVVRIPPPDQGPDQGRQWKHWRS
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$V ODVHU VRXUFH D.U) H[FLPHU ODVHUZLWK DZDYHOHQJWK RIO QP D SXOVH GXUDWLRQ RI'WS QV DQG D





DEODWLRQRI WKHSRO\LPLGHZKHUH WKH DEODWLRQSURFHVV LQGXFHV D WUDQVYHUVH VKRFNZDYH7KH DEODWLRQGHSWK LQ WKH
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DV VHHQ LQ )LJD 7KH WUDQVYHUVH VKRFN ZDYH LV GDPSHG LQWR WKH SRO\LPLGH ,Q )LJE WKH ODVHULQGXFHG
SUHVVXUHRIWKHWUDQVYHUVHVKRFNZDYHRQWKHUHDUVLGHRIWKHSRO\LPLGHVXEVWUDWHIURQWVLGHLUUDGLDWHGZLWKD.U)
H[FLPHU ODVHUZLWKGLIIHUHQW WKLFNQHVVHV]PHDVXUHGE\39')SLH]RHOHFWULFSRO\YLQ\OLGHQHIOXRULGH ILOPVHQVRU
>@ LV GHSLFWHG 7KHPHDVXUHPHQWV SUHVHQW WKDW WKH SUHVVXUH H[SRQHQWLDOO\ GHFUHDVHVZLWK LQFUHDVLQJ SRO\LPLGH




LQWHUIDFH7KDWPHDQV LQ VRPH FDVHV D WKLQQLQJRI WKH VXEVWUDWHE\PXOWLSXOVH LUUDGLDWLRQ LV QHVVHVDU\ WR LQGXFH
HIIHFWV OLNH FUDFNLQJ DQG GHODPLQDWLRQ RQ WKH IURQW VLGH RI WKH VDPSOH ,I WKH VKRFNZDYHLQGXFHG VWUHVV RQ WKH
LQWHUIDFHLVVXIILFLHQWWKHLUUDGLDWLRQLQGXFHVDGHODPLQDWLRQRIWKHOD\HU

 $IWHU WKH ODVHU DEODWLRQ SURFHVV $IWHU WKH GHODPLQDWLRQ SURFHVV GLIIHUHQW VXUIDFH PRGLILFDWLRQV DUH
H[SHFWHGRQWKHUHDUVLGHDQDEODWLRQSURFHVVLQGXFHGVWUXFWXUHDQGRQWKHIURQWVLGHDQHODVWRSODVWLFGHIRUPDWLRQ








-FPðDWGLIIHUHQWPHWDO OD\HU WKLFNQHVVHV IURPQP WRQP$WKLJKQXPEHUVRI ODVHUSXOVHVDQGKLJK
ODVHUIOXHQFHVWKHLUUDGLDWLRQUHVXOWVLQWKHFRPSOHWHSHQHWUDWLRQRIWKHVDPSOHDVVHHQLQ)LJUHGPDUNHGDUHDVDW
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OD\HU WKLFNQHVVHV] QPQPQPDQGQP 5HG IXOOSHQHWUDWLRQRI WKHVDPSOHJUHHQGHODPLQDWLRQRI WKH68\HOORZ
GHODPLQDWLRQRIWKH&ULQFOXGLQJWKH68ZVZHOOLQJRIWKHIURQWVLGHVXUIDFH

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([HPSODU\PLFURVFRSLF LPDJHV RI WKH LUUDGLDWHG VDPSOHV DUH VXPPDUL]HG LQ )LJ 7KH LUUDGLDWLRQZLWK KLJK
QXPEHUVRI ODVHUSXOVHV1DW)a-FPðHJDW]&U QP UHVXOWV LQDIXOOSHQHWUDWLRQRI WKHVDPSOHDV
VHHQLQ)LJDDQGE(VSHFLDOO\WKHWUDQVPLWWHGOLJKWPLFURVFRSLFLPDJHDVVHHQLQ)LJESUHVHQWVWKHIXOO
SHQHWUDWLRQRIWKHVDPSOH7KHUHGXFWLRQRIWKHQXPEHURISXOVHVWR1 DW]&U QPDQG)a-FPðDOORZV





LPDJH SUHVHQWV D EUDFNLQJ RI WKH FKURPLXP OD\HU DV VHHQ LQ )LJG )XUWKHU WKH LUUDGLDWLRQ 1 
) -FPð RI VDPSOHVZLWK WKLFNHUPHWDO OD\HUV ]&U QP UHVXOWV LQ WKH GHODPLQDWLRQ RI WKH FKURPLXP
OD\HULQFOXGLQJWKH68OD\HUDVVHHQLQ)LJHDQGIZKHUHDWWKHUHIOH[LRQOLJKWPLFURVFRSLFLPDJHDVVHHQ
LQ)LJH LW LVYLVLEOHDVDGDUNDUHDGXH WR WKH ORZHU UHIOHFWLYLW\RI WKHSRO\LPLGH LQFRPSDULVRQ WR WKHPHWDO
OD\HUDVVHHQLQ)LJHDQGDWWKHWUDQVPLWWHGOLJKWPLFURVFRSLFLPDJHWKHFKURPLXPGHODPLQDWHGDUHDLVYLVLEOH
DVDEULJKWDUHDDVVHHQLQ)LJI%HVLGHWKHFKURPLXPGHODPLQDWLRQDOVRDQ68GHODPLQDWLRQFDQEHGHWHFWHG
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'LVFXVVLRQ
7KH LUUDGLDWLRQRI WKH UHDU VLGHRIDPXOWLOD\HU V\VWHPP68±PFKURPLXP OD\HURQDP
SRO\LPLGHVXEVWUDWHUHVXOWVLQDGHODPLQDWLRQRIWKHOD\HUV\VWHPZKHUHWKHUHVXOWVDUHGHSHQGHQWRQWKHPHWDOOD\HU
WKLFNQHVV$WVPDOOPHWDO OD\HU WKLFNQHVVHV]&U ±QPWKHUHDUVLGHLUUDGLDWLRQRI WKHSRO\LPLGHVXEVWUDWH
FDXVHVWKHGHODPLQDWLRQRIWKH68DWVXLWDEOHODVHUSDUDPHWHUVDVVHHQLQ)LJ)XUWKHUDEXOJLQJLQFOXGLQJD
FUDFNLQJ RI WKH PHWDO OD\HU FDQ EH GHWHFWHG DV VHHQ LQ )LJ $W KLJKHU PHWDO OD\HU WKLFNQHVVHV
]&U ±QP WKH LUUDGLDWLRQ UHVXOWV LQ WKHGHODPLQDWLRQRI WKHPHWDO OD\HU LQFOXGLQJ68DW VXLWDEOH ODVHU
SDUDPHWHUV DVVHHQ LQ)LJZKHUHDOVRDEXOJLQJRI WKHSRO\LPLGHRI WKH IURQWVLGHFDQEHGHWHFWHGDVVHHQ LQ
)LJDQG)LJ
7KH GHODPLQDWHG 68 DQG &U DUHDV H[KLELW D UDQGRP VKDSH UHVSHFWLYHO\ DV VHHQ LQ )LJ DQG  GXH WR WKH
PHFKDQLFFUDFNSURFHVV+RZHYHUWKHSUHYLRVVWXGLHV>@LPSO\WKDWWKHDYHUDJHVL]HRIWKHGHODPLQDWHGDUHDLV
UHSURGXFLEOHDQGGHSHQGHQWRQWKHODVHUSDUDPHWHUVODVHUIOXHQFH)DQGQXPEHURIODVHUSXOVHV1
)RU D VXFFHVVIXO GHODPLQDWLRQ DQ DGHTXDWH VWUHVVPXVW EH LQGXFHG DW WKH LQWHUIDFH 7KDWPHDQV ILUVW WKH ODVHU
DEODWLRQSURFHVVPXVWLQGXFHDQDGHTXDWHVKRFNZDYHLQGXFHGSUHVVXUHZKHUHWKHSUHVVXUHLQFUHDVHVZLWKLQFUHDVLQJ
ODVHUIOXHQFHDVVHHQLQ)LJD6HFRQGDWKLQLQJRIWKHSRO\LPLGHVXEVWUDWHLVVRPHWLPHVQHFHVVDU\GXHWRWKH
GDPSLQJ RI WKH VKRFN ZDYH LQVLGH WKH SRO\LPGH VXEVWUDWH DV VHHQ LQ )LJE $W )a-FPð DQG DW
]&U QPQRWKLQLQJLVQHFHVVDU\IRUDVXFFHVVIXOGHODPLQDWLRQRIWKHPHWDOOD\HUDVVHHQLQ)LJZKHUHDW
]&U QPDUHVLGXDO3,WKLFNQHVVRIaPLVVXLWDEOHIRUDVXFFHVVIXOGHODPLQDWLRQ
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7KH VKRFNZDYHLQGXFHG WKLQILOPGHODPLQDWLRQ 6:,)'SURFHVVDOORZV WKHQRQWKHUPDO VWUXFWXULQJRIPXOWL
OD\HU V\VWHPV ZKHUH WKH GHODPLQDWLRQ SURFHVV LV GHSHQGHQW RQ WKH ODVHU SDUDPHWHUV DV ZHOO DV RQ WKH OD\HU
SDUDPHWHUV HVSHFLDOO\ RQ WKH OD\HU WKLFNQHVV 7R LPSURYH WKH SK\VLFDO XQGHUVWDQGLQJ RI WKH PHWKRG D IXUWKHU
DQDO\VLV RI WKH GHODPLQDWLRQ SURFHVV HVSHFLDOO\ RQ OD\HU V\VWHPV ZLWK DGMXVWDEOH DGKHVLRQ IRUFHV LV PRVW OLNHO\
KHOSIXO
7KH VWXG\ VKRZV WKH VXFFHVVIXO EDVLF DSSOLFDWLRQ RI WKH 6:,)' SURFHVV WKH VHOHFWLYH VWUXFWXULQJ RI OD\HU
V\VWHPVZKLFKZDVDOUHDG\SUHVHQWHGDWGLIIHUHQWV\VWHPV>@)XUWKHUWKHUHVXOWVLPSO\WKDWWKHSURFHVVDOVR
DOORZV VWUXFWXULQJ RI D VXEVWUDWH VXUIDFH GXH WR D VKRFNZDYHLQGXFHG PDVNDVVLVWHG DQG PDVNOHVV HPERVVLQJ
SURFHVV>@
$FNQRZOHGJHPHQWV
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>@/RUHQ]3(KUKDUGW0=LPPHU./DVHULQGXFHGIURQWVLGHDQGEDFNVLGHHWFKLQJRIIXVHGVLOLFDZLWK.U)DQG;H)H[FLPHUODVHUV
XVLQJPHWDOOLFDEVRUEHUOD\HUV$FRPSDULVRQ$SSOLHG6XUIDFH6FLHQFH±





>@(KUKDUGW0³Laserinduziertes nichtthermisches Hochgeschwindigkeitsumformen von Kupfer´3K'7KHVLV'LVVHUWDWLRQ8QLYHUVLWlW
/HLS]LJ
>@(KUKDUGW0/RUHQ]3=LPPHU./DVHU0LFURHPERVVLQJRI7KLQ&RSSHUDQG6LOYHU)RLOVZLWKDQ8OWUDYLROHW89([FLPHU/DVHU
/DVHULQ(QJLQHHULQJ±

